Na(3s) + Na(np) Na2+ + e (2) and for the AI reaction between two resonantly excited atoms2 3 In recent years, laser-assisted associative ionization (AI) between optically excited alkali atoms has become an intriguing research field both to theorists and experimentalists. The reaction is of the general form +A~32+ +e where A' represents atoms in excited states. For the case of sodium, absolute rate-constant measurements have been reported for the series of reactions' Although the idea of using Doppler spectroscopy in cell experiments was developed about a decade ago by Pritchard and co-workers,~the inherent advantages of the technique are significantly enhanced in the present crossed-beams experiment for two reasons: (1) For the special case of Na'(3p)+Na'(3p) AI, both collision partners are optically excited so both beams are velocity selected; (2) the crossed-beam configuration can achieve a wider range of high-resolution velocity selection by greatly reducing velocity components transverse to the excitation axis. It is also a single collision environment which eliminates the possibility of secondary processes such as super elastically heated electron-atom excitation or ionization. Figure 2 shows a schematic of the apparatus in the horNa(3p) + Na(3p) Na2+ + e (3) Surprisingly, the results show that the rate constant for (3) is almost two orders of magnitude smaller than those for (2). Other studies of (3) (Refs. 4 -6) suggest that the AI probability may strongly correlate with collision velocity;
. and indeed, as can be seen from Fig. 1 , the relative energy position of the Na2+ potential minimum with respect to the molecular potential curves deriving from Na(3p)+Na(3p) lends credence to this possibility. If the AI collision dynamic follows one or more repulsive curves, then the system presents a barrier to the reaction; and one would expect a low velocity-averaged cross section (rate constant) but a reaction probability rising rapidly with collision velocity.
The experiment reported here measures directly the velo- (5) where (mph is the photoionization cross section and 4ph the photon flux of the photoionizing laser.
Combining (4) and (5) 2). Therefore, by measuring the ratio of I(Na2+ ) to I(Na+) as a function of dye-laser frequency, we obtain the AI cross section as a function of collision velocity.
We consecutively measure I(Na2+) and I(Na+) by scan--ning the dye laser over the velocity distribution while alternately blocking and unblocking the uv laser. With the uv laser blocked the signal is due entirely to AI, and with it unblocked the total signal is due to the sum of AI and photoionization of Na '(3p) . The photoionization signal is 10 times larger than the collisional ionization signal which therefore makes a negligible contribution to the unblocked profile. In the center of the collision chamber, a bright fluorescence dot (0.25 cm3) shows clearly where the laser intersects the crossing region of the two atomic beams.
Horizontally displacing the dye-laser beam away from the collision center results in complete disappearance of Na2+ signal, demonstrating that ionization is indeed produced by an interbeam collisional process. We further confirm the ion identity by time-of-flight mass analysis which shows that Na2 is the only ion species produced in the collision reaction. Figure 3 shows the atomic velocity distribution in a single beam. The curve is narrower and shifted towards a higher velocity than a Maxwell-Boltzmann distribution at the same temperature.
The measured velocity profile fits quite well the distribution of a Mach 6 free jet expansion. '
V ( lO' m s-') where cr~~is the AI cross section and v is the relative velocity between two atomic beams. The bracketed quantities represent number densities.
FIG. 3.
Closed circles are the measured speed distribution of one Na jet. Note excellent fit to distribution calculated from a Mach 6 supersonic jet at 500 C.
Experimental results are plotted in Fig. 4 . The AI cross section at first decreases, reaches a minimum, then sharply increases with collision energy. The horizontal error bars are determined essentially by Na beam divergence while the vertical error bars are calculated from atorpic-beam divergence and signal fluctuation in Na+ and Na2+.
%e have carried out a model calculation of the AI cross section as a function of collision energy using the semiclassical treatment of Miller. " Since Penning ionization is not energetically possible in Na(3p)+Na(3p) collision ionization, the probability for AI is given by r " 1(R) The present experiment is carried out in a higher collision energy range (0.08 -0.29 eV) than the previously reported absolute measurements (0.005 -0.08 eV) of AI rate coefficients.
Measurement of the AI cross section as a function of collision velocity in this lower energy range is necessary in order not only to compare the results of these two types of measurements, but also to reveal any possible resonance features in the collision energy spectrum. ' It is hoped that the present study will stimulate more theoretical efforts' to calculate the relevant potential curves of Na( P+ P) which are essential to improve our understanding of the associative-ionization process. %e wish to express our appreciation to the Regional Laser Laboratory of the University of Pennsylvania and especially Dr. Gary Holtom for providing the ring dye laser and other generous help in the course of the experiment, This work
